Aims: To detect and isolate Bacillus anthracis from the air by a simple and rapid procedure. Methods and Results: One hundred litres of air were ®ltered through an air monitor device. After the membrane was suspended in PBS, spores of B. anthracis were added. The suspension was plated on Bacillus cereus selective agar (BCA) plates to detect B. anthracis colonies. The suspension was also heated at 95°C for 15 min and used for real-time PCR using a Light Cycler system and anthrax-speci®c primers. Conclusions: A single cell of B. anthracis was detected by real-time PCR within 1 h and was also isolated on a BCA plate within two d. Signi®cance and Impact of the Study: Our results provide evidence that anthrax spores from the atmosphere can be detected rapidly, suggesting that real-time PCR and a Light Cycler provides a¯exible and powerful tool to prevent epidemics.
INTRODUCTION
Anthrax is a disease caused by the spore-forming Bacillus anthracis, a Gram-positive, rod-shaped bacterium. Three forms of human anthrax are known: cutaneous, gastrointestinal and pulmonary (inhalation) anthrax. The cutaneous form is often self-limiting, but inhalation anthrax is sometimes severe because antibiotics only suppress the infection if administered shortly after exposure (i.e. within the ®rst 24±48 h). If not treated by the time symptoms develop, death is likely to occur in 99% of cases in unprotected individuals (James et al. 1998) . Although inhalation anthrax is generally contracted from breathing airborne anthrax spores, monitoring the exposure of B. anthracis spores in the atmosphere is extremely dif®cult because the spores are not visible to the naked eye and are colourless, odourless and tasteless. Therefore, a rapid and sensitive technique to detect anthrax spores in the atmosphere is important for public health. In this study, we established a PCR detection system for B. anthracis using real time PCR technology, and also a simple isolation system using selective agar plates.
MATERIALS AND METHODS

Isolation of bacterial cells from air samples
One hundred litres of air were passed through a 0á45 lm nitrocellulose membrane ®lter using an aerosol analysis monitor (Millipore Co., Tokyo Japan). The membrane was suspended in 1 ml of PBS and 0á1 ml of each suspension was spread on nutrient agar plates (NA; Difco Laboratory, Detroit, MI, USA) to quantify the total number of bacterial cells. To the remaining 0á9 ml of the suspension, 0á1 ml of PBS was added, containing either 0, 1, 10 or 100 spores of B. anthracis Pasteur II (Uchida et al. 1985) , prepared according to Uchida et al. (1985) . The mixtures, prepared in duplicate, were centrifuged 15 000 g for 5 min to isolate all cells which were then re-suspended in 10 ll of sterile water. The suspension was spread on Bacillus cereus selection agar (BCA; Oxoid Ltd, Hampshire, England) and incubating at 37°C for 18 h to detect B. anthracis.
Preparation of DNA samples for PCR
Ten microlitres of suspension containing anthrax spores was heated at 95°C for 15 min, centrifuged at 15 000 g at 4°C, and then 1 ll of the supernatant used directly for PCR.
PCR
Speci®c oligonucleotide primers to amplify a 572 bp DNA fragment of the cap region, essential for encapsulation (Makino et al. 1989) , were MO11 (5¢-GACGGATTATG-GTGCTAAG-3¢) and MO12 (5¢-GCACTGGCAACTGG-TTTTG-3¢). Speci®c primers to amplify a 210-bp fragment of the pag gene, encoding a component of the toxin (Price et al. 1999) , were PA75¢-ATCACCAGAGGCAAGACACCC-3¢ and PA65¢-ACCAATATCAAAGAACGACGC-3¢). All primers (20 pmol), were mixed in a reaction tube, and PCR was performed in a reaction mixture (25 ll) using model 2400 (Applied Biosystems Japan Ltd, Tokyo, Japan) (standard PCR). The following PCR cycle was used: 1´95°C for 2 min; 35´(95°C for 15 s followed by 60°C for 15 s followed by 72°C for 30 s); 1´72°C for 5 min; cool to 4°C. Real-time PCR using the Light Cycler PCR System (Roche Diagnostic Co., Ltd, Tokyo Japan) with primers MO11 and MO12 was also performed, using a Fast Start DNA Master SYBR Green (Roche Diagnostics). The concentration of MgCl 2 was determined as 4 mM using puri®ed total DNA of B. anthracis.
RESULTS AND DISCUSSION
An average of 195 bacterial cells in the suspension prepared from 100 litres of air was detected on the NA plates. When such suspensions were contaminated with anthrax spores and were spread on the BCA plates, background bacterial cells grew, but large rough colonies of B. anthracis cells were detected on the plates with the same number of spores added to the suspension (Fig. 1) . These rough colonies were subsequently con®rmed as B. anthracis by PCR.
Standard PCR with two sets of primers, performed using prepared DNA samples, con®rmed that the primers ampli®ed fragments of the appropriate sizes in DNA samples containing 10 or more spores. However, the DNA fragments detected in DNA samples containing a single spore were faint (Fig. 2, panel A, lane 2) .
The conditions for real-time PCR were found using DNA samples prepared as in the standard PCR. The highest annealing temperature was the temperature at which no ampli®ed fragment was detected using a sample with no spores. Thus, the following PCR cycle for the Light Cycler system was used: 1´95°C for 10 min; 40´(95°C for 10 s, followed by 64°C for 10 s, followed by 72°C for 20 s) (Fig. 3, panel A) . The¯uorescence signals were measured using the quanti®cation program of the Light Cycler software version 4á2 (Roche Diagnostics). As the copy number of the cap gene is related to the numbers of spores present, the relative numbers of spores in the samples should be estimated by measuring the¯uorescence signals. When the copy numbers of the cap gene in the samples containing 1 spore was 1, the relative copy number of the cap gene in the samples containing 10 and 100 spores were estimated as 9á95 and 100á02, respectively. Thus when The melting curve of the PCR products was analysed at a target temperature of 95°C, using the Light Cycler software (version 4á2). The analysis was performed immediately after the ampli®cation reaction. This program can differentiate between signals obtained from speci®c PCR products and nonspeci®c DNA fragments such as primer-dimers, and thus speci®c PCR products must show the same melting peaks. In this study, the melting peaks of the ampli®ed products were all 84á5°C (Fig. 3, panel B) , showing that ampli®ed speci®c products could be detected without electrophoresis. However, to con®rm that PCR was successful, the ampli®ed products were electrophoresed in agarose gel. Speci®c PCR products were detected, even in the sample containing one spore (Fig. 2, panel B) . The same PCR conditions and results were obtained using primers PA6 and PA7 (data not shown).
We showed that template DNA for PCR could be prepared from air samples within 1 h by heating. We also puri®ed template DNA using a DNA extraction kit (Qiagen K. K. Japan, Tokyo), with PCR results that were identical to those obtained by heating. However, the DNA template preparation time using this kit was about 2 h. From the results, heat treatment alone was suf®cient to prepare template DNA for PCR and had the advantage of being signi®cantly quicker than the kit. Target fragments were detected within 4 h using the standard PCR system, but within 1 h using the Light Cycler PCR system, which also had the advantages of allowing the number of anthrax spores in the air to be estimated and con®rming the number of anthrax spores in the air and con®rming the ampli®cation products by melting curve analysis rather than agarose gel electrophoresis.
Generally, detecting B. anthracis infection and diagnosing anthrax in humans is dif®cult because early symptoms are nonspeci®c. However, monitoring anthrax spores in the environment, especially in the air, can aid detection and prevent B. anthracis infections in humans. Real-time PCR provides a¯exible and powerful tool to prevent epidemics because it can detect a single spore in an air sample. Also, this real-time PCR system can detect B. anthracis cells from food, drink and soil, which are thought to be other sources of anthrax. However, preparation of template DNA for PCR would be more dif®cult from these other sources than from In this study, we showed that one B. anthracis spore in 100 litres of air sample can be detected using PCR and we also showed the isolation of one spore on a BCA plate. As we can isolate B. anthracis vegetative cells from meat and tissue effectively using BCA plates (Cheun et al. 2001) , a BCA plate would be a effective tool to detect B. anthracis from various samples. For the initial examination, real-time PCR and direct plating onto BCA plates must be done at the same time. If the samples contain more than one spore, the PCR method can detect the existence of B. anthracis spores in the air within 1 h and can isolate B. anthracis cells within 2 d. Such an automatic monitoring system for B. anthracis might be an essential tool for epidemiological surveys and for the prevention of B. anthracis infections in the future.
